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1 Introduction
This document is the technical report of a 15 weeks research assignment done dur-
ing the spring semester of 2019 at the Escola Tècnica Superior d’Enginyeria Industrial
de Barcelona (ETSEIB). I came to the ETSEIB as an Erasmus exchange student from my
home university, INSA of Lyon in France. Professor Escaler from the fluids mechanics
department accepted to be my tutor and suggested I work on the following subject :
cavitation modelling in a Venturi type section.
The objective was to obtain a valid model of an existing Venturi section by computa-
tional fluid dynamics. In a first part I simulate various cases of cavitation and validate
the model with experimental values. A second part considers the addition of thermal
terms in the governing equations to understand the effects of heat exchange in cavita-
tion.
The Venturi tube along with its complete test bench exists in a laboratory. Exper-
imental values of the tube functioning at different regimes were measured. From an
existing geometry, a correct CFD model has to be created with ANSYS Workbench, us-
ing the CFX software. Once the model is fitted to the experimental data, the thermal
effects have to be considered.
By studying the effects of different parameters and modelling choices on cavitation,
the research assignment should give insight on the software’s behaviour. Especially to-
wards the boundary conditions and the thermal models.
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2 Documentation
A few theoretical concepts were needed in this project. Here are a few notions of
fluid dynamics, Venturi tube behaviours, computational fluid dynamics, and thermo-
dynamics.
2.1 Fluid dynamics
The governing equations of any type of flow all derive from the conservation equa-
tions such as the mass conservation, or continuity equation, and energy conservation,
known as the first thermodynamic concept.
Mass conservation : the amount of mass flowing in a unit volume, has to flow out.
∂ρ
∂t
+∇ · (ρ~v) = 0 (1)
With ρ the density
t is time
∇· is the divergence
~v is the flow velocity field.
Conservation of energy : in a closed system, energy is neither created nor destroyed,
but is transferred from one form to another.
δQ = d U + δW (2)
With δQ the quantity of energy added to the system
δW is the amount of energy lost due to work
dQ is the change in internal energy of the system.
These basic equations can be derived and expressed differently to have more prac-
tical applications. Making a few assumptions on the flow also allows to obtain more
hands on formulas such as the Bernoulli principle.
Bernoulli principle : valid for an incompressible and steady flow and neglecting the
viscous forces, the following equation is derived, true at any point of a streamline.
v2
2
+ gz +
p
ρ
= constant (3)
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With v the fluid flow speed at any point along a streamline
g the acceleration of gravity
z the elevation of the point above a reference plane
p the pressure at the point
ρ the density of the fluid
The constant depends on the streamline chosen and the reference plane. This for-
mula is instrumental in understanding the Venturi effect.
2.2 Venturi effect
Named after the 18th century Italian physicist Giovanni Battista Venturi, the Venturi
effect is the local drop in pressure a fluid is subject to when passing through a tightening
section. This pressure drop is synonym to velocity increase. This is phenomenon that
occurs often in everyday life and nature. Prime examples are river rapids, wind in
mountain passes and some streets in cities. It also occurs in industry in plane motor
turbines, carburetors, chimneys. In applications with liquids, if the pressure drops too
low, cavitation can appear.
2.3 Cavitation
Cavitation appears when a sudden drop in pressure appears in a liquid causing it to
evaporate. Small vapour bubbles form when the pressure drops lower than the satura-
tion pressure of the fluid. If the bubbles are subjected to higher pressures while moving
along the flow they can collapse producing important shock waves. Although cavita-
tion is a thoroughly researched subject, it is a hard phenomenon to model by CFD, and
very little research is available on modeling the thermal effects of cavitation.
2.4 Computational fluid dynamics
Computational fluid dynamics is a branch of finite element modeling and was per-
formed with CFX in this assignment. CFX belongs to ANSYS as does Workbench, the
main industrial platform CFX is used with. Workbench allows to work directly on the
geometry instead of the model and math. It is thus an easier and more suitable for in-
dustry software.
While working on the simulation, different choices have to be made to model the
fluid dynamics phenomena. This project was the occasion to learn more about the avail-
able models for turbulence and boundary layers, thermal transfers, and cavitation.
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2.4.1 Turbulence models
Turbulence is the way fluid particles behave when the viscous effects of the flow
is predominant compared to the kinetic effects. It manifests itself by brutal change of
pressure and velocity from one fluid layer to the other. It is the opposite of a laminar
flow. A laminar flow can be modeled by a very low fluid viscosity or very fast flows.
With CFX, different turbulence models are available :
The K-omega and K-epsilon models work with two equations. They try to predict
turbulence by solving the turbulence kinetic energy and the thermal dissipation of this
same energy.
Shear Stress Transport is the model chosen for all the following simulations as it
models correctly boundary layer detachment that happen with fluids flowing through
rapidly varying geometries.
2.4.2 Thermal models
In the governing equations, some terms depend on the temperature. There are dif-
ferent ways to solve the heat transfers. The first one is to completely neglect them and
not take them into consideration. Another one is to set the temperature as an invariant.
The isothermal model. The thermal energy model considers only the enthalpy transport
through the fluid flow without considering the kinetic energy of the flow, thus leaving
out the viscous heating effects. The complete total energy considers the above enthalpy
transport as well as the thermal kinetic terms.
2.4.3 Rayleigh-Plesset cavitation model
From the local pressure and the saturation pressure of the fluid, the radius of the
cavitation bubble is computed. In CFX, each cell is composed of a liquid phase and a
vapour phase. The proportions of the mix of each cell is computed from the previous
equation. All the empirical coefficients were left at their default value.
R
d2R
dt2
+
3
2
(
dR
dt
)2
+
4νL
R
dR
dt
+
2γ
ρLR
+
∆P (t)
ρL
= 0 (4)
With :
R the radius of a cavitation bubble in m
ρL the density of the surrounding fluid, considered constant, in kg/m3
νL the kinematic viscosity of the surrounding liquid, assumed to be constant
γ is the surface tension of the bubble-liquid interface
5
Contents
∆P (t) = P∞(t)− PB(t) in which PB(t) is the pressure within the bubble, assumed to be
uniform and P∞(t) is the external pressure infinitely far from the bubble.
2.5 Thermodynamics
As this paper will look into the thermal effects of cavitation and fluid flows, here are
few notions needed.
When a material undergoes a phase transition, heat from the environment is con-
sumed or increased, depending on the transition. It is quantified by the latent heat of
condensation and latent heat of heat of vaporization in our case. The value for water
at 25◦C is : 43.99 kJ/mol for vaporization. It is the same value for condensation, ex-
cept the sign changes as heat is liberated during the reaction. It is argued in [1] that the
temperature is not impacted because the transformation takes place so quickly.
6
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3 Geometry
Here begins the heart of the report. The geometry was provided with the full test
rig, figure 1. After deleting all the bodies that are not the tube in itself, it was sliced in a
thin section and the outlet was lengthened for the simulation, figure 2. This lengthening
and slicing was iterated as the mesh was refined and the flow became uniform further
down the outlet with high velocity cases. The final thickness of the closed domain is
0.19691mm and the added length of the outlet is 1.5m
Figure 1: Full test rig geometry, with the tube in yellow.
7
Contents
4 Mesh
4.1 Creation
After a few iteration the final mesh has the following properties :
• The max size was dropped to 2E-03m
• The max face size was dropped to 8E-04m
• The boundary layer was mesh with the inflation tool :
– First layer thickness of 5E-05m
– Growth rate of 1.2
– Maximum number of layers : 50
• Total number of elements : 238 914
• Total number of nodes : 482 866
8
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Figure 2: Geometry used for simulation.
Figure 3: Details of the throat, with the sphere of influence and inflated boundary layer.
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4.2 Validation
At each iterations the mesh became more suited to the problem, then a few metrics
allow to validate the mesh:
Aspect ratio. The majority of elements have an aspect ratio around 3.5, see figure 4
because the thickness of the domain is so small.
Figure 4: Aspect ratio distribution of the elements.
Skewness. With the majority of elements close to 0 like in figure 5, the cells have an
optimal size.
Figure 5: Skewness distribution of the elements.
Element quality. Overall the element quality is not so good, figure 6, but it is because
the domain is so thin that the elements are not really square. The best elements are in
the outlet and inlet. The worst are at the throat and at the first layers of the boundary.
The mesh was also validated by observing the y+ parameter on the top and bottom
boundary layers for two different cases, figure 7 and 8. A “low velocity, case 2” case
yielded a max y+ of 40, acceptable for a SST turbulence model. A “high velocity, case
11” case gave a max y+ of 64.
10
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Figure 6: Element quality distribution of the elements.
Figure 7: Evolution of the y+ coefficient on the top and bottom walls for case 2.
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5 Creating fitted cavitation models
A set of fourteen different flow regimes with experimental data was available to cre-
ate fitted models. This section concentrates on the fitting of 6 of these cases, listed in the
table 1.
Unit [mm] [m/s] [m/s] [m/h] [kPa] [kPa] [kPa] [kPa]
Exp.
value
Cavity
length V inlet V throat Q true Pv P inlet P throat P out
Case 14 180 2,171133 22,98846 40,50923 3,857435 241,7130 3,985808 90,87791
Case 11 120 2,127408 22,52550 39,69322 2,75318 221,8220 2,5808 107,6590
Case 8 60 2,070573 21,92371 38,63254 2,965654 213,1889 2,787303 131,9398
Case 5 10 2,026718 21,45937 37,81411 3,235147 208,4639 3,41228 147,7939
Case 4 0 1,781870 18,86686 33,24466 3,174446 206,7181 28,52844 159,5799
Case 2 0 1,2232 12,95210 22,81953 2,811194 204,1352 122,1911 181,522
Table 1: Available experimental data used to fit the models.
Cavity length corresponds to the size of the cavitation bubbles. The inlet corre-
sponds to the inlet of the simulated geometry. The throat is the thinnest section of the
domain and the position along the vein is easily found. Simply take the y position of
the maximum x value.
The definition of the axis in this case is not the classic one. The y axis is the own of
the flow, the longest dimension of the domain. The x axis is the height, or elevation,
while the z axis is the perpendicular flow. Considering the problem 2D, this axis can be
neglected.
Taking the throat as the reference, the inlet was cut at 76mm upstream. Now the
outlet in the experimental data corresponds to a section at 292 mm downstream of the
throat. It does not correspond to the outlet of the geometry as it was expanded to allow
a uniform flow to form.
In order to compare the numerical pressures with the experience, sensor planes were
defined at each experimental section : inlet, throat, outlet. In the figure 9 the throat sen-
sor plane and the throat section plane are shown.
The challenge was to do the most adequate choices to model correctly the Venturi.
The first step was to choose the boundary conditions.
12
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Figure 8: Evolution of the y+ coefficient on the top and bottom walls for case 11.
Figure 9: Detail of the throat section plane in red and the throat sensor plane in blue.
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5.1 Boundary conditions
Even though imposing an inlet velocity and an outlet pressure (IV OP) is the most
stable possibility, it wasn’t possible at first. The outlet pressure given in the experimen-
tal data does not correspond to the end of the geometry. However, after solving this
issue (see below), the IV OP gave the best results in terms of pressure error and conver-
gence.
Another choice is imposing an inlet total pressure (sum of static and dynamic pres-
sures) at the inlet and a velocity at the outlet (ITP OV). This was done for the first simu-
lated, or case 2 from table 1, as the experimental data could directly be used as boundary
condition. Only the inlet total pressure had to be computed from the inlet velocity and
the inlet pressure :
Ptotal = Pstatic +
ρv2
2
(5)
With :
Ptotal the sum of the static and dynamic pressure
Pstatic the static pressure
ρ the fluid density
v the fluid velocity.
This solution is not efficient for high velocities and the results were completely off.
This option however worked correctly for a low velocity and a first model was fitted
for case 2 with convenient results. From this case the outlet geometry opening average
pressure was computed and used to model case 2.2 using the IV OP boundary condi-
tions.
The difference between two cases is only a step of a few kPa. Hence from case 2.2 the
other 5 cases were modeled by simply adding the pressure step from each outlet exper-
imental sensor plane to the numerical outlet openings where the OP had to be imposed.
The final boundary condition tested is the inlet velocity and outlet mass bulk flow
rate (IV OMBFR). This was is an alternative to the ITP OV case and only worked for low
velocities. It can also be a solution for when the flow is not perfectly uniform and nor-
mal to the outlet opening geometry surface. However convergence was not achieved as
the models would have an outlet pressure dropping without limit.
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5.2 First cases with no cavitation
All the models in the following part were done using the isothermal model at 25◦C.
The cases 2 to 4 do not present any cavitation in the experience. However the cavitation
module was still turned on. The liquid phase is done with the constant properties of
liquid water at 25◦C. The vapour phase with the constant properties of water vapour at
25◦C. The solutions of case 2 were fed to the solver of case 2.2, and the solutions of 2.2
to the solver of case 4. Every time making sure that the model had converged correctly
before linking it the following pressure increment.
5.3 With cavitation
Cavitation starts with case 5 which was simulated with the same parameters as cases
2 and 4, except for the boundary conditions. The results seemed correct and the IV OP
model was satisfying. Around 30 iterations were needed for each model to converge.
However the outlet did not present a sufficiently uniform flow to accept a normal outlet
velocity as a boundary condition. This is the main reasons of the iterations on the outlet
length.
Case 5 was not converging correctly and an attempt to solve this problem was made
by adding 50 kPa of pressure at the inlet. Indeed, the outlet pressure was too low, and
the model cavitated way too much. The corresponding case 50 is in bold in the results
table 27 bellow. The 50 kPa come from the difference between the numerical outlet sen-
sor pressure and the experimental outlet sensor pressure. However, this did not yield
better results. See section 6.3. Cases 8, 11, and 14 were done on the same basis. By
providing previous results as an initial solution, the models converge much faster.
15
Contents
6 Results and discussion
6.1 Case 2
The main results to remember here is the comparison between the two boundary
conditions ITP OV and IV OP. Figure 10 and figure ?? are the pressure and velocities
contours to appreciate the equivalence of both conditions. The first image is from ITP
OV and the second from IV OP.
Figure 10: Comparison of the ITP OV (top) and IV OP (bottom) velocity contours of
case 2.
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Figure 11: Comparison of the ITP OV (top) and IV OP (bottom) pressure contours of
case 2.
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Another observation is that, like expected, the fluid accelerates at the throat sec-
tion. By conducting a very quick analysis, we verify that the conservation of mass is
respected. The fluid velocity is about 7 times higher in the throat, while the section is
about 7 times less :
If
V1S1 = V2S2 (6)
And
S1 = 7S2
Then
V1 =
1
7
V2
In table 2, a more quantitative approach to validating the ITP OV and OV IP equiv-
alence for case 2.
Pressure in Pa ITP OV IV OP Experimental value
Inlet 202 305 202 268 (0.9% error) 204 135
Throat 115 061 115 158 (5.7% error) 122 191
Outlet 178 726 180 411 (0.6% error) 181 523
Table 2: Pressure comparison of different boundary conditions, the errors are between
the IV OP and the experimental data.
Hence the equivalence between the two boundary condition types is accepted. Fi-
nally, an observation of the streamlines on figure 12 allows us to appreciate the bound-
ary layer detachment modeled by the SST option.
Figure 12: Streamlines of case 2.
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6.2 Case 4
The model is considered converged by observing the residuals figure 13 and monitor
points 14 of all the previous cases. The first observed peak is case 2 IP OV, the second is
case number 3 that was not considered in this report. The two last peak are due to case
4. The models converge smoothly to very low residuals, and are considered well fitted.
Figure 13: Residuals of the first models.
The velocity monitor points show something interesting. How is the monitor veloc-
ity object in the formula : areaAve(Velocity)@ defined? Two fluids exist, the liquid and
the vapour. At the inlet, the condition of only liquid is imposed. However not at the
outlet. It could be that the software averages the velocity of the liquid and the vapour
phases to establish a unique scalar value for velocity. Thus making false the results of
the outlet velocity and yielding a negative flow velocity, which is physically impossible
as the flow is only existing the tube. However the other monitor points are stable and
coherent so the first two models 2 and 4 are correct.
However there is already some cavitation of about 6 cm, see figure 15 here which is
not correct vis-a-vis the experience.
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Figure 14: Monitor points of the first models.
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6.3 Case 5
The first and most problematic observation of the case 5 simulation is a vortex that
appears right after the cavitation bubble, stopping it and giving it a strange shape. Be-
low are images of the streamlines, superimposed to the vapour volume fraction, figure
17 to shed light on how this vortex stops the cavitation suddenly.
After letting the model iterate for another 60 time steps to be sure the vortex was
not caused by a lack of iteration, adding pressure was considered. Hence the case 50
(explained in chapter 5.3).
Adding pressure like explained did indeed diminish the cavitation length and the
model fits better, but not for the right reasons. The vortex does now even go further up-
stream due to the fallen velocity caused by the rise in pressure. This vortex most likely
does not seem like a physical reality and I have no idea where it comes from.
21
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Figure 15: Vapour volume fraction of case 4 shows a cavitation bubble.
Figure 16: Case 5 streamlines showing important boundary layer detachments and
vortexes.
Figure 17: Superposition of the vapour volume fraction and streamlines.
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6.4 Case 8
This model is a duplicate of case 4, and the results of case 5 were used as initial so-
lution by the solver.
The monitor points below in figures 18 and 19 show the last iterations of case 4 (iter-
ations 125 to 130) , and then the 2 runs of the solver on this case (130-220 and 220-320).
Here again, the outlet velocity converges to negative values.
Figure 18: Case 8 pressure monitor points
Figure 19: Case 8 velocity monitor points
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For this case, the residuals, figure 20 do not drop in the same manner as for the other
models. They flatten at around 10e-3. Moreover, the second run seems to converge bet-
ter than the second one (second run from iteration 220 more or less). This observation
is quite the surprise knowing that no parameters were changed between the two solver
runs.
Figure 20: Case 8 solver residuals.
For this case also the cavitation bubble is blocked by vortex, figure 21. It seems the
model to not fit well for high velocities. The compilation of pressures in the table indi-
cate the same conclusion.
Figure 21: Case 8 vapour volume fraction.
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Figure 22: Case 11 isosurface at saturation pressure and cavitation bubble.
6.5 Case 11
Like all cases, pressure drops until the saturation pressure and cavitation appears.
On the pressure contour figure 23 we see that the whole throat is at the saturation pres-
sure, however only a portion of the flow cavitates, there remains a liquid flow to allow
mass conservation. Observe figure 22, in pink is the isovolume with pressure lower than
3.6kPa, while the gradient of color indicates the cavitation bubble, coloured according
to the volume fraction of each cell.
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Figure 23: Case 11 pressure, velocity, and vapour volume fraction.
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Figure 24: Case 14 solver residuals.
6.6 Case 14
Case 14 has the highest velocities and the lowest pressures of all cases. It is without
surprise the model with the most false results. There are no new observations to be
made, except that it might lack more iterations as the residuals are still high, but drop-
ping, and the outlet velocity monitor point does not seem quite stable yet.
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Figure 25: Case 14 pressure monitor points.
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Figure 26: Case 14 velocity monitor points.
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Figure 27: All pressures and cavitation length results.
6.7 Pressure and cavitation length
Pressure and cavitation length results are compiled in the following table. For re-
calls, these values result of isothermal models with the cavitation modules activated
all the time. They compile all the results except for case 2 ITP OV model. The green
columns are the IV OP boundary conditions, while the blue ones are experimental data.
Negative error signify the numerical pressure is lower than the measured one.
The biggest errors are all in the throat where the pressure gradient is the greatest.
Also the exact dimensions of the throat sensor are not known, leading to possible com-
putation errors. Overall, the most interesting values are the cavitation length and the
outlet pressure. Although the outlet pressure are acceptable, the cavitation lengths are
arguably not good enough.
It is also arguable that pressure is not the most optimal parameter in order to judge if
a model fits. Pressure sensors are not the most precise tools and the pressure by itself is
sensitive to the geometry. The real geometry and the model geometry are passably dif-
ferent. Also, cavitation is much more sensible to pressure variation than it is to velocity
for example. Hence the error on cavitation length is not as preoccupying as a physi-
cally impossible result. Like the negative outlet velocities or the vortex right behind the
throat for example.
However, having a perfectly fitted model is not of the utmost importance for the
following part.
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Figure 28: Case 5.2 thermal energy solver residuals.
7 Thermal effects on cavitation
This section attempts to shed light on the effects that thermal exchanges have on
cavitation. To do so it focuses on case number 5. It presents a fair amount of cavitation,
and even though the model is not perfectly fitted, it is considered sufficiently good to
study it variations with respect to thermal models.
7.1 Thermal models
The isothermal at 25◦C was used earlier and will be used as a reference point. Below
are analysis of the thermal energy model and the total energy.
7.1.1 Thermal energy
Model 5.2 is the same as 5, except the thermal energy was considered, with a static
temperature of 25◦C. The same fluid definitions were kept : constant properties. Figure
28 shows the mass, momentum, and heat transfer residuals. Figure 29 shows the moni-
tor points evolution.
The model converges even better with the thermal energy terms taken into account
like shown in figure 28.
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Figure 29: Case 5.2 thermal energy monitor points evolution.
7.1.2 Total energy
The cases 5.3, 5.3.2, and 5.3.3 were used with a static temperature of 25◦C, and three
different fluid options.
Case 5.3. The liquid phase is Water and the gas phase is Water Ideal Gas. In figure 30
are the residuals and monitor points.
The residuals show that the model has converged, and the monitor points do not
move at all, or at least not more than with thermal energy model. However to let the
thermal energy residuals drop, the solver ran for 60 iterations.
Case 5.3.2. It is a duplicate of the previous one with a new pair of fluid definitions.
The liquid phase is now H2Ol and the vapour phase is still Water Ideal Gas.
Model 5.3.2 seems to not converge for the 30 first iterations, then suddenly the ther-
mal residuals drop as if a parameter had been changed in the set-up, which is normally
not the case.
Case 5.3.3. Finally case 5.3.3 was defined as a duplicate of 5.3.2 with a different gas
phase fluid, a user defined H2Og, based on H2Ol. However the whole case is wrong as
H2Og is a constant parameter defined fluid, with all the parameters of liquid water ex-
cept the thermodynamic state that is set as a gas. Hence this case will not be considered
at all.
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Figure 30: Case 5.3 total energy residuals.
Figure 31: Case 5.3.2 total energy residuals.
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Figure 32: Fluid definitions and comparison.
7.1.3 Fluid definition comparison
As the phases’ properties seems to play a primordial role in the thermal models,
table 32 compares the differences between each fluid used.
7.2 Thermal study results
7.2.1 Isothermal
Thermal aspects on the case 5 isothermal : absolutely no temperature gradient in the
domain which is normal considering that the base of the model is considering a constant
uniform temperature.
7.2.2 Thermal energy
A temperature gradient appears when considering the transport of enthalpy. Indeed
some the regions of cavitation loose almost 1.5 ◦C. The cold region seen in figure 33 is
transported downstream the Venturi until it heats back up to the environment’s 25◦C.
This seems physically correct, even more so when noticing the vertex previously present
in case 5 has now disappeared, see figure 34.
We also notice the numerically obtained pressures are closer to the experimental
values than with the isothermal model. The cavitation length is also smaller. Somehow,
adding the thermal effects on the model increased the pressure in domain and reduced
the cavitation length, fitting a bit better the experimental Venturi tube.
Plotting the heat flow through the domain did not yield any results, even though all
the fluids are defined with a specific heat capacity. The model shows a reasonable en-
thalpy contour (same shape as the temperature contour) however no heat transfer can
be computed.
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Figure 33: Case 5.2 thermal energy, temperature contour.
Figure 34: Case 5.2 thermal energy, vapour volume fraction.
Figure 35: Case 5.2 thermal energy, velocity contour.
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7.2.3 Total energy
Case 5.3: The obvious observation is wrong the temperature variations observed on
figure 36. The temperature loses 220◦C passing through the throat. It almost seems a
cold source is placed at the outlet of the geometry. Whether there is a problem of con-
vergence, of boundary condition or of fluid definition, this model is clearly wrong on
the thermal aspects. However the pressures are coherent, as well as the shape of the
flow and the smaller cavitation length. Here again it seems considering total energy
ameliorates the model, at least on the pressure aspects.
Figure 36: Case 5.3 total energy, temperature contour.
Case 5.3.2: The temperature variations are less intense than the previous case but are
still important : almost 13◦C. We also notice the velocity contour and temperature con-
tour are linked. The lowest temperatures are at the formation of the cavitation bubble.
Where the liquid evaporates and consumes the most heat from the environment. As
the flow pushes the vapour away from the low pressure zones back to higher pressures,
the bubbles collapse and condense, liberating heat to the environment and raising the
temperature. However, because of the similarities of the velocity and vapour volume
contours, it seems there are also a heat exchange by convection between parallel fluid
layers. However, plotting the heat flux again gives nothing so it cannot be concluded
for sure.
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Figure 37: Case 5.3.2 total energy, temperature contour.
Figure 38: Case 5.3.2 total energy, velocity contour.
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7.2.4 Pressure and cavitation lengths with thermal effects
Overall, including the thermal terms did reduce the cavitation length (from 18% to
10% error) and yield better outlet pressures (from 35% to 8% error).
Figure 39: Pressures along the tube and cavitation length results from the different
thermal models.
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8 Conclusion
In conclusion through numerous iterations a fitted model for cavitation was estab-
lished by neglecting thermal effects. In a second part, an observation of the impact of
thermal effects on cavitation was done. It cannot be considered a predictive model for
pressure and cavitation lengths because the models are sensitive to boundary and ini-
tial conditions, however they do offer a good insight on how the ANSYS CFX software
models cavitation. In a certain manner, this model could open doors for theoretical and
numerical approach to thermal exchanges during cavitation.
The model deserves however more attention to figure out the following problems :
• Why are there negative velocities in the monitor points but not in the velocity
contour?
• Why does a vertex appear right after the cavitation bubbles in the isothermal bub-
bles?
• Why does a vertex appear right after the cavitation bubbles in the isothermal bub-
bles?
• Why does cavitation appear a higher pressures than the experiment?
• Defining the correct fluids to pursue a thermal
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